Objective: Although postoperative readmissions are frequent in vascular surgery patients, the reasons for these readmissions are not well characterized, and effective approaches to their reduction are unknown. Our aim was to analyze the reasons for vascular surgery readmissions and to report potential areas for focused efforts aimed at readmission reduction.
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procedure. Infectious complications were the most common reason for a surgery-related readmission (1940 [39%] ), with surgical site infection being the most common type of infection related to unplanned readmission. Multivariable analysis showed the top five preoperative risk factors for postdischarge infections were the presence of a preoperative open wound, inpatient operation, obesity, work relative value unit, and insulin-dependent diabetes (but not diabetes managed with oral medications). Cigarette smoking was a weak predictor and came in tenth in the mode (overall C index, 0.657). When operative and postoperative factors were included in the model, total operative time was the strongest predictor of postdischarge infectious complications (odds ratio [OR] 1.2 for each 1-hour increase in operative time), followed by presence of a preoperative open wound (OR, 1.5), inpatient operation (OR, 2), obesity (OR, 1.8) , and discharge to rehabilitation facility (OR, 1.7; P < .001 for all). Insulin-dependent diabetes, cigarette smoking, dialysis dependence, and female gender were also predictive, albeit with smaller effects (OR, 1.1-1.3 for all; P < .001). The overall fit of the multivariable model was fair (C statistic, 0.686).
Conclusions: Infectious complications dominate the reasons for unplanned 30-day readmissions in vascular surgery patients. We have identified preoperative, operative, and postoperative risk factors for these infections with the goal of reducing these complications and thus readmissions. Expected patient risk factors, such as diabetes, obesity, renal insufficiency, and cigarette smoking, were less important in predicting infectious complications compared with operative time, presence of a preoperative open wound, and inpatient operation. Our findings suggest that careful operative planning and expeditious operations may be the most effective approaches to reducing infections and thus readmissions in vascular surgery patients. (J Vasc Surg 2017;65:1130-41.)
As part of the Patient Protection and Affordable Care Act of 2010, the Centers for Medicare and Medicaid Services implemented a Hospital Readmissions Reduction Program, which penalizes hospitals with excess readmissions #30 days of discharge. 1 Although the initial Centers for Medicare and Medicaid Services rule was limited to conditions of acute myocardial infarction, heart failure, and pneumonia, the criteria have since been expanded to include readmissions after elective orthopedic operations. In 2017, the Hospital Readmissions Reduction Program will extend further to include patients admitted for coronary artery bypass graft surgery, with expectations that additional surgical procedures will soon follow. As a result, postoperative readmissions have recently become a focus of study in a number of surgical specialties. Within the field of vascular surgery specifically, 30-day readmission rates are estimated to be w24% among Medicare patients. 2 Furthermore, vascular readmissions reportedly cost more than any other readmission studied, including coronary artery bypass graft surgery. 3 A recent review summarizing the existing data on risk factors for readmission in vascular surgery patients identified a number of categories that could be addressed to reduce preventable readmissions, including preoperative, operative, postoperative, postdischarge, and transitional care factors. 4 However, approaches to reducing readmissions after vascular surgery are not well studied, making it difficult to devise reasonable interventions targeted toward readmission reduction. In attempt to address this knowledge gap, we recently used data from the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) to analyze drivers of readmissions in vascular surgery patients and demonstrated that readmissions after vascular surgery are mainly driven by postoperative complications identified after discharge. 5 The reasons for these readmissions are not well characterized, however. The aim of the current study was to analyze the reasons for vascular surgery readmissions and report potential areas for focused efforts aimed at readmission reduction.
METHODS
The research protocol for this study was reviewed and approved by the Colorado Multiple Institutional Review Board, which determined that it was not human subject research because a completely deidentified database was used. Thus, patient informed consent was not obtained for this study.
Data source. All patients undergoing vascular surgery procedures as recorded in the ACS NSQIP Participant User File for the years 2012 to 2013 were included. The ACS NSQIP collects preoperative patient variables, operative data, and 30-day postoperative outcomes for patients undergoing major operations at participating hospitals. 6 Thirty-day postoperative outcomes are determined by record review and mail or telephone contact with the patients and families 30 days after the index operation. 7 Vascular surgery is one of nine specialties for which data are collected in this national database. The ACS NSQIP and participating hospitals are the source of these data. Primary outcome. The primary outcomes of the study were hospital readmission that occurred #30 days of the index operation to the same or another hospital and that was unplanned at the time of the index operation (ie, unplanned 30-day readmission) and postdischarge infection. The relatedness of the readmission to the index procedure is determined when the readmission is recorded into the database by the nurse abstractors. ACS NSQIP defines readmissions related to the index procedure as "unplanned readmission to the same or another hospital that was for a postoperative occurrence likely related to the principal surgical procedure within 30 days of the procedure" (user guide for the 2013 ACS NSQIP Participant Use Data File). Postdischarge infection was the outcome used for all multivariable models because this was previously shown to be a principle driving factor in postvascular surgery readmissions. 5 Infections included superficial surgical site, deep surgical site, urinary tract infections, pneumonia, sepsis, and organ space infections (Table I) .
Statistical analyses. We first examined the reasons for unplanned readmissions related to the index vascular surgical operation. We previously found that postoperative infections identified after discharge from the index hospitalization are the biggest drivers of unplanned readmission after vascular surgery. 5 We therefore developed prediction models to try to identify patients who might develop postoperative infections after discharge from the index hospitalization.
The analysis was on a per-patient basis, and we analyzed only the index admission and the first readmission. We found 353 patients who had more than one readmission (0.4% of the total population). We analyzed the first admission for these patients and did not analyze the subsequent admissions. We analyzed the reasons for readmission coded according to one of 19 NSQIP complications and those coded by International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes. To categorize the ICD-9-CM-coded reasons for readmission into the infection category, we manually reviewed the ICD-9-CM codes and counted those ICD-9-CM codes clearly related to infection in the infection category. We developed two prediction models for postdischarge infection, one using only preoperative variables and one using preoperative plus postoperative variables known before discharge from the index hospitalization. The following preoperative variables were selected a priori for analysis as potential predictors for 30-day postdischarge infection: demographic variables (gender, age, race/ethnicity), preoperative comorbidities, variables related to the operation (emergency, inpatient/outpatient patient status, operative time, and work relative value unit), American Society of Anesthesiology Physical Status Classification, cigarette smoking status, functional health status, and transfer status. For the predischarge postoperative model, we also included operative duration, discharge destination, postoperative length of stay, and postoperative infections identified before the patient was discharged from the index hospitalization. Excluded from the analysis were patients with missing values for some of the predictor variables and those who died before hospital discharge. A significant percentage of values were missing for race/ethnicity and body mass index. We thus created a "missing" category for both of these variables that allowed us to acknowledge the missing data but still include the affected patients in all statistical modeling. As summarized in Table II Readmission?
Readmission related to principal procedure?
Reason for readmission Reason for readmission
Reason for readmission category. We have successfully used this methodology in prior work. 5, 8 To derive the 30-day postdischarge infection model, we performed a stepwise, forward selection logistic regression analysis with a P ¼ .05 for entry into or exit from the model using the entire analytic data set. We recorded the cumulative C index at each step of the model and calculated the percentage of the maximum full model C index represented at each step. The C index is the probability that the model predicts the outcome better than chance. A C index of 0.5 is equivalent to chance, whereas a C index of 1.0 indicates perfect discrimination. 9 We developed successive models using the preoperative variables alone, followed by the preoperative plus postoperative but predischarge variables to examine the relative contributions of each subset of variables in predicting postdischarge infection after vascular surgery. The statistical analyses were performed using SAS 9.3 software (SAS Institute Inc, Cary, NC).
RESULTS
There were 90,371 vascular surgery patients in the 2012 to 2013 NSQIP data set. We excluded 1902 patients (2.1%) who died before discharge and 2066 patients (2.3%) with missing data. This left 86,403 patients for the analytic data set (Fig 1) .
The overall 30-day postoperative readmission rate for vascular surgery patients was 10% (8827 patients). Among all readmissions, 8054 (91%) were unplanned, resulting in an unplanned vascular surgery readmission rate of 9% (Fig 2) . Of the unplanned readmissions, 61% (n ¼ 4951) were related to the index vascular surgery procedure (Fig 2) . This is in contrast to the overall surgical population, where unplanned readmissions related to Table I and  Supplementary Table II (online only) . Other infections with lower frequencies included urinary tract infections, organ space infection, and septic shock.
The most common vascular operations associated with readmission for infection were lower extremity bypass, amputation, and suprainguinal bypass. Open aneurysm repairs were the lengthiest operations, whereas amputations and venous procedures had the shortest operative times (Supplementary Table I , online only). Among patients readmitted for infection, 48.6% had more than one vascular procedure during the index admission, as reflected by the presence of multiple CPT codes. This is in contrast to patients who were not readmitted, of whom 39.7% had multiple CPT codes during the initial admission. Patients who had a reoperation during their index admission had an increased risk for readmission for infection, with an infection-specific readmission rate of 5.1% (87 of 1722 patients) compared with 2.1% (1815 of 84,681 patients) for patients who did not have a reoperation.
Preoperative predictive model for postdischarge infection. Given that infectious complications were the most commonly recorded reasons for an unplanned readmission after vascular surgery, we next created a predictive model for postdischarge infection using only preoperative patient variables as covariates (Table III) (Table III) . The overall C index of the model was 0.657.
Preoperative plus postoperative, predischarge predictive model for postdischarge infection. We next included in our analysis preoperative, operative, and postoperative variables known before discharge from the hospital to create a comprehensive model for predicting postdischarge infections (Table IV) . Our goal in creating the two models was to understand the relative importance of preoperative patient characteristics alone in determining the outcome variable of postdischarge infection and what additional effect postoperative variables had on the outcome. In this second model, total operative time was the strongest predictor of postdischarge infectious complications (OR, 1.18 for each 1-hour increase in operative time; 95% CI, 1.15-1.20), followed by the presence of a preoperative open wound (OR, 1.55; 95% CI, 1.41-1.71), inpatient operation (OR, 2.00; 95% CI, 1.73-2.32), class III obesity (OR, 1.75; 95% CI, 1.50-2.05), and discharge to a rehabilitation facility (OR, 1.75; 95% CI, 1.54-1.99). Insulin-dependent diabetes, cigarette smoking, dialysis dependence, and female sex were also predictive, albeit with smaller impacts (Table IV) . The overall fit of the comprehensive multivariable model for predicting postdischarge infection was fair (C statistic, 0.686). When we included procedure type as one of the independent variables in the predictive 
DISCUSSION
Postoperative readmissions are frequent in vascular surgery patients, 2,10 but the reasons for these readmissions are not well characterized. 4 In this study, we analyzed the most common causes of vascular surgery readmissions, and attempted to identify factors that are associated with these unplanned readmissions. Our analysis of data from >86,000 patients in the NSQIP database showed that infectious complications identified after discharge from the index operation are the most common cause of an unplanned readmission after vascular surgery. The strongest predictors of postdischarge infection were operative time, presence of a preoperative open wound, inpatient operation, obesity, and discharge destination. Patient-specific risk factors, such as diabetes, obesity, renal insufficiency, and cigarette smoking, also played a role but to a lesser extent. Our finding that postdischarge infections were the most common cause of unplanned vascular surgery readmissions is consistent with previous reports. The top five reasons for readmission in our prior study analyzing drivers of vascular surgery readmissions were postdischarge deep space infection, superficial surgical site infection, pneumonia, myocardial infarction, and sepsis. 5 Surgical site infection was the single most common cause for readmission in the current study. Other institutional and population-based studies support these findings.
11,12
Orr et al 12 recently reported that wound complications are the most common cause for readmission after some vascular operations, comprising w30% of all readmissions after open or endovascular abdominal aortic aneurysm repair, aortoiliac revascularization, or infrainguinal revascularization. Similarly, Engelbert et al 11 reported a 37% wound complication rate among patients readmitted after vascular procedures. Taken together, these data suggest that postoperative infections, particularly those associated with surgical wounds, are frequent and morbid complications of vascular surgery. As such, targeted interventions aimed at reducing infectious complications after vascular interventions might have a substantial effect on postsurgical readmission rates. Because postdischarge infections were strongly associated with unplanned readmissions after vascular surgery, we performed a multivariable analysis to identify independent factors associated with postdischarge infection. Not surprisingly, patient comorbidities, including diabetes, obesity, renal insufficiency, and cigarette smoking, were associated with an increased risk of postoperative infectious complications. Patient-specific risk factors for complications after vascular surgery are well described and commonly include older age, obesity, smoking history, diabetes, renal insufficiency, and cardiac disease. 13, 14 As such, a number of preoperative patient risk calculators have been proposed depending on the procedure being performed. 15, 16 However, a meta-analysis of existing risk prediction models for hospital readmission recently demonstrated that most of these models perform poorly when applied to large populations. 17 One explanation for this lack of efficacy is that although most models incorporated variables for medical comorbidities, few of them examined other variables associated with overall health and function, illness severity, or social determinants of health. Consistent with this notion, in the current study we found that postdischarge infections after vascular surgery were more strongly associated with operative variables and functional status components, whereas patient-based risks factors had a smaller predictive value. Our data suggest that operative time and inpatient operations are associated with increased odds of postdischarge infection of 1.2 per hour and 2.0, respectively. The presence of a preoperative wound and discharge to a rehabilitation facility were also among the top five predictive variables for postdischarge infection after vascular surgery. Procedure type was the most important determinant of infection risk.
These findings are notable because they speak to the importance of considering both preoperative and operative factors in considering patients' risk for readmission. In 2012, Brooke et al 13 proposed a conceptual model for factors driving readmissions in vascular surgery in an attempt to identify key areas in patient care where targeted interventions could be implemented to improve postoperative outcomes. The first phase of this model is composed of patient, structural, and procedural characteristics, all of which can play a pivotal role in determining patient outcomes. Our data are in line with this concept and call attention to the fact that although patient optimization for surgery is important, there are also other means by which we can work to reduce surgical risk. Our finding that procedure type, operative time, and inpatient admission were among the strongest predictors of postdischarge infection after vascular surgery indicates a primary means by which we can work to reduce the risk of postdischarge infections is to expedite operations and minimize admission requirements by, for example, if appropriate, staging several sequential outpatient operations without an interim inpatient admission instead of admitting the patient to the hospital for a lengthy stay. Careful operative planning can assist in the former. The availability of adequate preoperative and intraoperative imaging has been shown to reduce operative time and improve outcomes for a range of vascular procedures, particularly endovascular operations. [18] [19] [20] [21] [22] Protocols for enhanced recovery after surgery have also been shown to improve outcomes and reduce readmissions after surgery, 23 although the use of enhanced recovery after surgery for vascular surgery interventions has not been ascertained. However, in a recent report by Lachat et al 24 describing the safety and feasibility of outpatient endovascular aneurysm repair, postoperative morbidity was minimal, and readmission occurred in only 4% of patients. The authors also noted that use of an outpatient model minimized delirium, which is common in elderly patients recovering from inpatient vascular surgery, and cost significantly less than a standard inpatient model approach. 24 By reducing patients' in-hospital length of stay, perhaps we can reduce exposure to unnecessary risks such as nosocomial infections, which rises steadily as the hospital length of stay increases. 25 This may in turn reduce the overall risk of postoperative infection and, ultimately, postoperative readmissions, especially among high-risk patients. In addition to operative variables, we also found that discharge to a rehabilitation facility was associated with a 1.8 increased odds of postdischarge infection compared with discharge to home. Reduced functional status in the preoperative and postoperative settings has previously been associated with worse outcomes after vascular surgery. 11, 14, [26] [27] [28] Although discharge disposition is not necessarily a modifiable component of vascular surgery interventions, an understanding of how functional status at discharge may alter a patient's risk of readmission could allow for better transitional care processing. 29, 30 For example, home visiting programs, multidisciplinary clinics, and structured telephone support have all been shown to effectively reduce readmission and mortality among heart failure patients. 31 Whether similar interventions could be effective among a vascular surgery population remains to be determined. Our study has several limitations. The NSQIP database is a national database that captures 20% of inpatient admissions among participating institutions and has been used extensively for large database analyses in the past. 6, [32] [33] [34] Because NSQIP is designed to capture data from a broad array of surgical operations, most of the preoperative, operative, and postoperative outcome variables in the database are generic in nature and not disease-and operation-specific variables. Record abstraction is performed by trained reviewers rather than by diagnosis or billing codes, which allows for better clinical accuracy than other administrative databases. 35 However, as with any population-based database, it is at risk for missing or inaccurate data. We chose to analyze all vascular procedures together in our analysis in contrast to performing an operationspecific analysis. Although an argument may be made that operation-specific analyses are more granular, we believe that with our goal of reducing unplanned postoperative readmissions in vascular surgery patients, a study aimed at identifying factors that can be addressed to reduce readmissions in all such patients is more suitable.
Although this is a heterogeneous patient population, our overarching goal is to reduce readmissions in vascular surgery patients in our clinical practice. To that end, we analyzed this heterogeneous cohort of patients with the aim of creating a predictive model that can be used in any vascular patient in our clinical practice to reduce unplanned readmissions.
Another significant limitation of NSQIP is the unavailability of granular data regarding the specifics of patient admissions for infection. We cannot, for example, determine whether these patients were given appropriate preoperative antibiotic prophylaxis, why hospital admission was required, whether these patients were discharged on antibiotics or were on antibiotics before the index procedure, and whether outpatient management was attempted before the readmission. We were also not able to examine the effects of trainee participation on the risk of postoperative infection and readmission, a factor that has been shown to increase morbidity in lower extremity bypass operations. 36 The postgraduate year variable was missing in 91.6% (79,148 of 86,403) of patients in our cohort, and thus we could not analyze the effects of trainee participation on infections or readmission in these patients.
CONCLUSIONS
Postdischarge infectious complications dominate reasons for unplanned 30-day readmissions in vascular surgery patients. We have identified preoperative, operative, and postoperative risk factors for these infections with the goal of reducing these complications and thus readmissions. Expected patient risk factors, such as diabetes, obesity, renal insufficiency, and cigarette smoking, were less important in predicting infectious complications than operative time, presence of a preoperative open wound, discharge destination, and inpatient operation. Our findings suggest that careful operative planning and expeditious operations may be the most effective approaches to reducing infections and thus readmissions in vascular surgery patients. 
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